Alterations in extracellular matrix (ECM) have been implicated in the pathophysiology of pulmonary hypertension. Here, we have undertaken a compartment-specific study to elucidate the expression profile of collagens and their processing enzymes in donor and idiopathic pulmonary arterial hypertension (IPAH) pulmonary arteries. Predominant intimal, but also medial and perivascular, remodeling and reduced lumen diameter were detected in IPAH pulmonary arteries. Two-photon microscopy demonstrated accumulation of collagen fibers. Quantification of collagen in pulmonary arteries revealed collagen accumulation mainly in the intima of IPAH pulmonary arteries compared with donors. Laser capture-microdissected pulmonary artery profiles (intimaϩmedia and perivascular tissue) were analyzed by real-time PCR for ECM gene expression. In the intimaϩmedia of IPAH vessels, collagens (COL4A5, COL14A1, and COL18A1), matrix metalloproteinase (MMP) 19, and a disintegrin and metalloprotease (ADAM) 33 were higher expressed, whereas MMP10, ADAM17, TIMP1, and TIMP3 were less abundant. Localization of COLXVIII, its cleavage product endostatin, and MMP10, ADAM33, and TIMP1 was confirmed in pulmonary arteries by immunohistochemistry. ELISA for collagen XVIII/endostatin demonstrated significantly elevated plasma levels in IPAH patients compared with donors, whereas circulating MMP10, ADAM33, and TIMP1 levels were similar between the two groups. Endostatin levels were correlated with pulmonary arterial wedge pressure, and established prognostic markers of IPAH, right atrial pressure, cardiac index, 6-min walking distance, NH2-terminal pro-brain natriuretic peptide, and uric acid. Expression of unstudied collagens, MMPs, ADAMs, and TIMPs were found to be significantly altered in IPAH intimaϩmedia. Elevated levels of circulating collagen XVIII/endostatin are associated with markers of a poor prognosis. vascular remodeling; vascular fibrosis; laser microdissection; collagen XVIII; endostatin IDIOPATHIC PULMONARY ARTERIAL HYPERTENSION (IPAH) is a severe and fatal disease of unknown etiology. IPAH is characterized by vascular remodeling of all three layers of the intrapulmonary arterial wall, resulting in elevated pulmonary vascular resistance, right ventricular hypertrophy, and eventually right heart failure (49, 54). The reduction of the vessel lumen results from endothelial cell (intima), smooth muscle cell (media), and fibroblast (perivascular tissue) proliferation (58). Triggers for the vascular remodeling include injury, inflammation, abnormal growth factor expression, and/or exposure to hypoxia (53, 56). Furthermore, disturbances in extracellular matrix (ECM) production, deposition, and composition have been implicated (35, 43, 46, 62) , and restoration of ECM balance has been suggested as a strategy to prevent or reverse vascular remodeling processes (8, 25) .
IDIOPATHIC PULMONARY ARTERIAL HYPERTENSION (IPAH) is a severe and fatal disease of unknown etiology. IPAH is characterized by vascular remodeling of all three layers of the intrapulmonary arterial wall, resulting in elevated pulmonary vascular resistance, right ventricular hypertrophy, and eventually right heart failure (49, 54) . The reduction of the vessel lumen results from endothelial cell (intima), smooth muscle cell (media), and fibroblast (perivascular tissue) proliferation (58) . Triggers for the vascular remodeling include injury, inflammation, abnormal growth factor expression, and/or exposure to hypoxia (53, 56) . Furthermore, disturbances in extracellular matrix (ECM) production, deposition, and composition have been implicated (35, 43, 46, 62) , and restoration of ECM balance has been suggested as a strategy to prevent or reverse vascular remodeling processes (8, 25) .
The complex ECM network provides structural support for the cells in the vessel wall, enables intracellular communication, and promotes proliferation, migration, and apoptosis (61) . The ECM in human pulmonary vessels predominantly consists of collagen I, elastins, and laminins as well as other ECM components such as fibronectin, tenascin C, and glucosaminoglycans (22) . Turnover of the ECM is controlled by the balance of proteolytic enzymes such as a disintegrin and metalloproteases (ADAMs), matrix metalloproteinases (MMPs), and their endogenous inhibitors, tissue inhibitors of MMPs (TIMPs). In IPAH, accumulation of collagen (4), neutrophil-elastase (27) , and MMPs and loss of their modulating counterparts TIMPs (31) leads to an imbalance of the ECM turnover and subsequently to a disturbance of the structural integrity of the vessel wall. Several studies using animal models of pulmonary hy-pertension (PH), namely monocrotaline (MCT) as well as hypoxia-induced PH, have implicated some vascular MMPs, collagens, elastin, and tenascin C in disease pathogenesis (6, 22, 43, 57) . MMPs have been described to be elevated in lung homogenates, plasma, urine, and pulmonary artery smooth muscle cells from human PH samples (2, 31, 52) . However, the differences in expression of factors responsible for ECM composition between pulmonary vessel walls of IPAH patients and healthy donors remain to be elucidated. Therefore, we hypothesized that delineating the changes in the expression and composition of the collagens and their processing enzymes in IPAH pulmonary arteries might lead to a better understanding of disease pathogenesis, earlier diagnosis, or more targeted and specific IPAH therapy.
Because intrapulmonary arteries represent only a minor portion of the total lung, compartment-specific gene expression can be masked (29) . In the present study, we have overcome this limitation by utilizing a compartment-specific approach, segregating intimaϩmedia from perivascular tissue of pulmonary artery profiles by laser capture microdissection. Here, we reveal several so-far-unstudied collagens (especially collagen XVIII/endostatin), MMPs, ADAMs, as well as TIMPs as interesting new players in the pathophysiology of IPAH.
METHODS

Human lung tissue.
Human lung tissue samples were obtained from IPAH patients (n ϭ 20) who underwent lung transplantation at the Department of Surgery, Division of Thoracic Surgery, Medical University of Vienna, Austria. The protocol and tissue usage were approved by the institutional ethics committee (976/2010), and patient consent was obtained before lung transplantation. Downsized nontumorous nontransplanted donor lungs served as controls (n ϭ 22). For a detailed description on how the explanted lungs were sampled and stored, please refer to Ref. 20 . Patient information including age, sex, mean pulmonary arterial pressure, pulmonary arterial wedge pressure (PAWP), right atrial pressure (RAP), cardiac output (CO), cardiac index (CI), 6-min walking distance (6MWD), NH 2-terminal pro-brain natriuretic peptide (NT-proBNP), and uric acid are presented in Table 1 and 2 .
Quantification of vascular remodeling and collagen deposition. Quantification of vascular remodeling and fibrosis was performed with Visiopharm integrated software VIS (Visiopharm, Hoersholm, Denmark) on Masson's trichrome-stained lung sections. For analyses of vascular remodeling and collagen quantification n ϭ 20 donors and n ϭ 17 IPAH were used. Ten of the 20 donors have been reported elsewhere (20) . The patients' characteristics are reported in Table 1 . To avoid selection bias, four random sections/blocks per patient representing different areas of the lung were taken for analysis. Four to 22 vessels per block were analyzed. For a detailed description on how analysis of vascular remodeling was performed, please refer to Ref. 20 . Briefly, the diameter of the following four vessel wall components perivascular tissue, media, intima, and lumen (a); media, intima, and lumen (b); intima and lumen (c); and lumen (d) was calculated by using the following formula: diameter ϭ 2ϫ[ ͙ ͑area ⁄ 3.14͒]. The diameter of individual vessel wall layers was calculated as follows: perivascular tissue (a Ϫ b); media (b Ϫ c); intima (c Ϫ d); lumen (d). Vessels were subgrouped according to their size (diameter 20 -200 and 200 -500 m) and presented as dots (patient mean), for both quantification of vascular remodeling and collagen deposition. Vessel size was defined by the external elastic lamina. Plexiform lesions were not included in the analysis. Vascular collagen was determined for each vessel by dividing the area of collagen ("blue") by total analyzed compartment area (intima, media, or perivascular tissue) and compared with the vessel diameter.
Human plasma. For ELISA analyses n ϭ 40 donors and n ϭ 40 IPAH plasma samples were investigated. The patients' characteristics are reported in Table 2 . Blood samples were prospectively taken from an IPAH cohort of patients who were treated at the Medical University of Graz (Graz, Austria) when undergoing diagnostic or follow-up right heart catheterization as well as from the end-stage transplant patients from the Department of Surgery, Division of Thoracic Surgery, Medical University of Vienna, Austria. The samples from the healthy controls were prospectively collected and stored in the Biobank of the Medical University of Graz between 2011 and 2014. Written, informed consent was obtained from all subjects. The studies were approved by the Institutional Review Board of the Medical University of Graz (23-408 ex 10/11) as well as the Institutional Review Board of the Medical University of Vienna (976/2010) in accordance with national law.
Two-photon microscopy. Paraformaldehyde-fixed lung samples of 1 cm 3 were cleared by the 3DISCO clearing method (14) . Briefly, IPAH, idiopathic pulmonary arterial hypertension; M, male; F, female; HR, heart rate; mPAP, mean pulmonary arterial pressure; PAWP, pulmonary arterial wedge pressure; RA, right atrial pressure; CO, cardiac output; CI, cardiac index; PO2, partial pressure of oxygen; PCO2, partial pressure of carbon dioxide; PVR, pulmonary vascular resistance; 6MWD, 6-min walking distance; NT-proBNP, NH2-terminal pro-brain natriuretic peptide; CRP, C-reactive protein. Real-time PCR. The PCR reactions were set up by using a QuantiFast SYBR PCR kit (Qiagen, Hilden, Germany). Cycling conditions were as follows: 5 min at 95°C, [5 s at 95°C, 5 s at 60°C, and 10 s at 72°C] ϫ 45. Because of the nonselective double-strand DNA binding of the SYBRGreen I dye, melting curve analysis and gel electrophoresis were performed to confirm the specific amplification of the expected PCR product. For real-time PCR analyses, samples from n ϭ 8 donors and n ϭ 6 -10 IPAH were investigated. Three of 10 utilized IPAH lungs have been previously reported (28) . These patients' characteristics are reported in Table 1 . The threshold cycle (Ct) values were normalized to internal control beta-2-macroglobulin (B2M) by using the following formula: ⌬Ct ϭ Ct reference gene Ϫ Ct gene of interest. Primer sequences are provided in Table 3 .
Immunohistochemistry and staining. Immunohistochemistry was performed on 2-m-thick paraffin-embedded lung sections. Sections were deparaffinized in xylene for 3 ϫ 10 min and rehydrated in 100% ethanol for 2 ϫ 5 min, 95% ethanol for 1 ϫ 5 min, 70% ethanol for 1 ϫ 5 min, and PBS for 2 ϫ 5 min. Antigen retrieval was performed with pH 6 citrate buffer. Only for MMP10 (1:300 dilution, Abcam, Cambridge, UK) a pH 9 buffer solution was utilized. ADAM33 (1:1,400 dilution, Abcam), COL18A1 (1:50 dilution, Santa Cruz Biotechnology, Dallas, TX), TIMP1 (1:50 dilution, Abcam), endostatin (1:300 dilution, Abcam), and MMP10 were stained by using the ImmPACT NovaRED Peroxidase (HRP) Substrate Kit (Vector Laboratories, Burlingame, CA). For ␣-SMA staining, ZytoChem Plus AP Polymer anti-rabbit (ZYTOMED Systems, Berlin, Germany) was used. For von Willebrand factor (vWF)/␣-smooth muscle actin (␣-SMA) double stainings, antigen retrieval was performed with 0.05% trypsin (Zymed Laboratories, Invitrogen, Carlsbad, CA) for 10 min at 37°C. Double immunohistochemistry staining against ␣-SMA (1:200 dilution, Everest Biotech, Upper Heyford, UK) and vWF (1:900 dilution, Dako, Glostrup, Denmark) was performed by using a ImmPRESS ␣-Goat Ig (peroxidase) Polymer Detection Kit together with the VECTOR VIP substrate kit and the ImmPRESS ␣-rabbit Ig (peroxidase) with 3,3=-diaminobenzidine (all from Vector Laboratories). Methyl green counterstaining was performed. Negative controls were performed omitting the primary antibody. Positive controls for each antibody are provided for tissues suggested by the manufacturers. Slides were scanned with an Aperio slide scanner microscope and images were captured with Image Scope software (Aperio, Vista). White balance was adjusted for all images.
ELISA. Correlation analysis for endostatin and clinical parameters was performed by using a Spearman R test. Age correction was performed by analysis of covariance (ANCOVA).
RESULTS
Vascular remodeling in human IPAH pulmonary arteries.
Clinically well-characterized IPAH explants and nontumorous donor lungs were included in this study. Representative hematoxylin and eosin, ␣-SMA (pink), and vWF/␣-SMA stainings (purple/light brown) demonstrate healthy unremodeled pulmonary arteries of 20 -200 m and 200 -500 m diameter in donor lungs and remodeled arteries in IPAH lungs (Fig. 1) . Plexiform lesions (PLs) adjacent to remodeled arteries were found in 11 of our 17 IPAH samples. Quantification of the remodeling present in pulmonary vessels (20 -200 and 200 -500 m) of IPAH patients revealed a significant but modest thickening of perivascular tissue, higher involvement of media, and the most prominent thickening of intimal layer. This was concomitant with reduction in lumen diameter ( Fig. 2A) . A shift in the regression line demonstrates that remodeling of the vessel layers occurs in all vessel sizes (Fig. 2B) .
Vascular fibrosis in human IPAH pulmonary arteries. Representative images of Masson's trichrome stainings display collagen (blue) deposition in IPAH pulmonary arteries (Fig.  3A) . Analysis of the total collagen (blue) within a vessel wall layer relative to vessel diameter revealed the highest collagen deposition in intima (in both vessel sizes) followed by media and perivascular tissue when comparing IPAH to donor pulmonary arteries (Fig. 3B) . Visualization of total collagen by twophoton microscopy in cleared samples from IPAH and donor lungs showed presence of collagen fibers in the peri-as well as intravascular compartment on representative images (Fig. 3C) .
Compartment-specific expression of collagens in IPAH pulmonary arteries profiles. To identify the collagens that contribute to vascular fibrosis we performed compartment-specific real-time PCR analyses. Subsequently, broad-spectrum colla- gens expression analysis was performed. The fibril-forming collagens COL1A1, COL1A2, COL3A1, COL5A1, and COL11A1 were not differentially expressed in our IPAH cohort. Similarly, connecting collagen COL6A3 displayed no differential expression (data not shown). However, the fibril-associated collagen with interrupted triple helices (FACIT) COL14A1 showed significant upregulation in intimaϩmedia of IPAH (Fig. 4A) while another family member, COL9A2, was not regulated (data not shown). Both the network-forming collagen COL4A5 and the endostatin-producing collagen COL18A1 were significantly increased in vessel profiles of IPAH patients (Fig. 4A) . Interestingly, all significant changes in collagen expression were only detected in the intimal/medial but not the perivascular tissue layer of pulmonary arteries from IPAH patients.
Compartment-specific expression of MMPs in IPAH pulmonary arteries profiles. In addition to collagens, collagen-processing MMPs have been described to play a crucial role in ECM transformation in diseases (2, 6). MMP10 (stromelysin family member) revealed significantly decreased expression in intimaϩmedia as well as perivascular tissue (Fig. 4B) , whereas MMP19 expression was significantly elevated only in intimaϩmedia of IPAH compared with donor vessels (Fig.  4B ). Expression of other tested MMPs (MMP 1, 2, and 7) was not changed (data not shown).
Compartment-specific expression of ADAMs in IPAH pulmonary artery profiles. The balance between collagen degradation and deposition is controlled not only by MMPs but also by ADAMs (11) . When analyzing expression of ADAMs and ADAMs with thrombospondin motifs (ADAMTS), significant downregulation of ADAM17 and upregulation of ADAM33 (Fig. 4C ) in IPAH intimaϩmedia was detected whereas no differential regulation was measured for ADAM10, ADAMTS1, and ADAMTS13 (data not shown).
Compartment-specific expression of TIMPs in IPAH pulmonary artery profiles. MMPs and ADAMs are inhibited by TIMPs (36). From all analyzed TIMPs (TIMP1-4), TIMP1
showed downregulation in both analyzed compartments in pulmonary artery profiles from IPAH lungs (Fig. 4D) . TIMP3 expression was significantly lower in perivascular tissue of IPAH patients (Fig. 4D) . Both TIMP2 and TIMP4 were not differentially expressed in our samples (data not shown).
Tissue localization of collagen XVIII, endostatin, MMP10, ADAM33, and TIMP1. From the significantly regulated genes, localization within the pulmonary vasculature of one protein per group was determined by immunohistochemical stainings. Collagen XVIII (light brown) and its cleavage product endostatin (light brown dots), MMP10 (light brown), ADAM33 (light brown), and TIMP1 (light brown) were confirmed to be localized to intima or media of pulmonary arteries of donors and IPAH patients (Fig. 5A) . To illustrate antibody specificities, respective negative and positive controls are provided.
Plasma concentrations of collagen XVIII/endostatin, MMP10, ADAM33, and TIMP1. To determine potential prognostic relevance of regulated collagens and collagen-processing enzymes, circulating levels of soluble collagen XVIII/endostatin, MMP10, ADAM33, and TIMP1 were compared in samples from donors and IPAH patients (n ϭ 40 each, Table 2 ). Although MMP10, ADAM33, and TIMP10 showed similar levels in donor and IPAH plasma samples, the soluble product of collagen XVIII, endostatin, was significantly elevated in IPAH plasma (Fig. 5B) .
Endostatin levels correlated with clinical parameters in IPAH patients. Because endostatin levels were elevated in the plasma of our IPAH patient cohort, correlation analyses were performed with the corresponding clinical patient data. To exclude a possible age dependency of endostatin levels, data were recalculated with ANCOVA. After age correction, endostatin was still significantly elevated. In IPAH patients, endostatin levels significantly positively correlated with PAWP (A), RAP (B), NT-proBNP (E), and uric acid (F). Significant negative correlations of endostatin levels were found with CI (C) and 6MWD (D) (Fig. 6 and Table 4 ).
DISCUSSION
Previous studies have implicated that a disturbed balance of ECM components can regulate vascular remodeling during the pathogenesis of PH (35, 46) . Increased deposition of collagens in the medial layer of pulmonary arteries leads to thickening of the vessel wall and increases arterial stiffening (12) . In diseases such as IPAH, local changes in ECM composition not only lead to vascular remodeling but also guide cellular behavior (35) . The expression levels of collagens, MMPs, ADAMs, and TIMPs determine ECM turnover in health and disease and could therefore provide novel insights into ECM-related IPAH pathophysiology.
PLs are hallmark of IPAH. PLs result from a disorganized growth of endothelial cells (7, 59) . Alternatively, the low expression of angiogenic-associated markers in the arteries from which PLs arise suggested rather a regenerative process (23) . Since no correlations were reported between the average number of PL profiles and intima and media thickness (56), we have solely concentrated on the analysis of remodeled vessels.
Similar to others, we showed that the most prominent remodeling occurred in the intima, followed by media, with weak involvement of the perivascular tissue (adventitia) (42, 56) . Quantitative analysis demonstrated different degrees of collagen deposition with the highest accumulation in the intimal layer of IPAH pulmonary arteries. Therefore, we analyzed expression of ECM components in the intimaϩmedia and perivascular tissue separately.
To date most studies investigating the involvement of ECM in PH have focused on single MMPs or the classical collagens such as collagen I and III, while neglecting the other members of the collagen and collagen-processing superfamily. Exemplary, active MMP2 has been shown to promote the proliferation and migration of smooth muscle cells (60) and thereby contribute to media thickening in pulmonary arteries of IPAH patients (31) . Modulation of MMPs in vascular cells has been suggested to orchestrate the pathological events involved in the development of vascular lesions in PAH (34). Collagens represent the major component of the "interstitial" matrix as well as the basement membranes (BM). They not only provide structural support to the vessel wall but also contribute to the entrapment, local storage and delivery of growth factors and cytokines and, by release of noncollagenous fragments, influence angiogenesis (15) . Fibril-forming collagens assemble to build a microfibril and, when stabilized by cross-linking, provide structure and strength to the vessel wall. The structural integrity of the vessel wall is further strengthened by FACITs, which facilitate the interactions of adjacent collagen fibrils such as collagen I (24) . Interestingly, the fibril-forming collagens (COL1A1, COL1A2, COL3A1, COL5A1, and COL11A1) showed no differences in mRNA expression in our samples. This is in accordance with other studies that indicated accumulation of type 1 collagen mainly in the early time points of hypoxia-induced PH in mice (3). Since our study was performed on pulmonary arteries of end-stage transplant lungs, expression of classic fibril-forming collagens might not be increased at this stage. On the other hand, the fibrilassociated collagen COL14A1 was significantly elevated in IPAH intimaϩmedia, indicating increased vessel stiffness by stabilizing of existing collagen fibers.
Furthermore, the BM collagen COL4A5 was upregulated in the intimaϩmedia in our IPAH patient cohort. This is in line with previous studies that suggested BM components to be involved in the pathogenesis of PH. In healthy subjects, the BM is a thin sheet of fibers underlying the endothelial cell layer, formed by specific interactions between ECM components, such as laminins, type IV collagens, proteoglycans, glycoproteins, and different integrin and nonintegrin receptors (13) , and provides structural and organizational stability. In IPAH, BM can be thickened and leaky for larger proteins (such as albumin and lipoproteins) and inflammatory cells (17) , which secrete mediators such as interleukin 6, being involved in remodeling (44) . Col4A5 is degraded by MMP10, which was lower expressed in intimaϩmedia and perivascular tissue of IPAH pulmonary arteries. MMP10 has been described to be angiogenic (19) and profibrinolytic (40) and its substrates include not only COLIV but also laminin, fibronectin, and elastin (39) . The observed spatially coordinated changes in expression of MMP10 and its substrate COLIV suggest the presence of upstream common regulator(s) driving the balance toward collagen accumulation. Contrary to MMP10, MMP19 displayed a significantly higher expression in intimaϩmedia of IPAH lung vessels. In line with our findings, MMP-19 has been described to be elevated in samples from idiopathic pulmonary fibrosis patients (63) . MMP19 is inhibited strongly by TIMP3 and less efficiently by TIMP1. Both TIMP1 and TIMP3 were downregulated in our analysis, pointing toward activation of preexisting collagenases, which could contribute to the endothelial cell invasion through the BM and interstitial matrix (30) . Among all TIMPs, TIMP3 has been identified to play a critical role in vascular remodeling as well as collagen and well as elastin deposition in response to angiotensin II-induced hypertension (1) .
Additionally, we investigated the expression of ADAMs, which are proteinases closely related to MMPs. They display a wide spectrum of biological effects such cell adhesion, "shedding process," cleavage of various substrates from the extracellular matrix, growth factors, or cytokines (41) . ADAM33 has been reported to increase vascular smooth muscle migration through the BM (21) , and its metalloprotease domain has been shown to exert a proangiogenic function (45) . Therefore, the upregulation of ADAM33 in intimaϩmedia and its localization to the smooth muscle cell layer suggests that ADAM33 could be involved in the formation of the neointima.
Remodeling of the BM is further supported by increased expression of COL18A1 in the intimaϩmedia of IPAH pulmonary artery profiles. COL18A1 is classified as an endostatin-producing collagen and, similar to COL4A5, localizes predominantly to the BM (50) . Proteolytic cleavage within the COOH-terminal domain of COL XVIII releases endostatin (5), a fragment that has been reported to exhibit antiangiogenic effects (33) . In vitro immobilized endostatin supports endothelial cell survival and migration, whereas soluble endostatin inhibits endothelial cell functions, such as cell migration in an integrin-dependent fashion (47) . Furthermore, in vivo soluble endostatin induces endothelial cell apoptosis (10) and inhibits vascular morphogenesis and perivascular cell recruitment (55) . In preterm infants with PH due to bronchopulmonary dysplasia, an increased serum endostatin-to-angiopoietin-1 ratio was suggested to reflect impaired angiogenesis (26) .
Circulating markers of collagen metabolism such as NH 2 -terminal propeptide of type III procollagen have been shown to serve as indicator of disease severity in IPAH (51) . Also, higher levels of circulating TIMP1 have been reported in PAH (51), which could not be confirmed in our patient cohort. In general, these studies together with our data imply a possibility to use circulating levels of collagen cleavage products and collagen-processing enzymes for the detection of IPAH. The significant correlation of endostatin concentration with established prognostic markers such as RAP, CI, NT-proBNP, 6MWD, and uric acid in our IPAH patient cohort implies that endostatin itself could be a prognostic marker and predict heart failure in severe IPAH. This is supported by the association of circulating endostatin with mortality in patients with PAH (9) and chronic heart failure (16) . In addition to its potential as a prognostic tool, therapeutic applicability of endostatin has also been demonstrated (48) . Here, we have described compartment-specific expression of different collagens, MMPs, ADAMs, and TIMPs in pulmonary arteries of IPAH patients. Vascular collagens, which have been described to be localized to the BM, showed elevated expression in intimaϩmedia, suggesting importance of this compartment in the pathophysiology of IPAH. The imbalance of ECM components leads to vascular leakage (18, 32, 38) , enabling infiltration of inflammatory and structural cells and to release of growth factors (37) , further aggravating cell proliferation and remodeling in this compartment. Particularly, COL XVIII and its cleavage product endostatin might contribute to the development of IPAH and serve as a marker for disease progression.
However, limitations of this study include incomplete collagen profile, the usage of end-stage lungs, and the descriptive nature of this article. Further studies are needed to identify the exact mechanisms and potential of dysregulated collagens and their processing products as possible biomarkers or targets for therapy. 
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